T h e electrocardiograms of 2 6 patients with persistent left superior vena cava ( S V C ) draining into t h e coronary sinus were reviewed. Left axis of P waves between + 15 a n d -29 degrees was observcd in nine cases, including t w o of three cases of persistent left SVC with absent right SI'C. Isorhythmic A-V dissociation with interference was observed in o n e subject.
Speculation
Left axis of the P waves, if present i n patients with congenital h e a r t defects, m a y suggest persistent left superior vena cava draining to t h e coronary sinus. F u r t h e r pathologic a n d histologic study is needed to clarify t h e pathogenesis of these a b n o r m a l cardiac rhythms a n d t h e possible embryologic relation between persistent left superior v e n a cava a n d a n ectopic pacemaker.
Abnormal rhythms occur in some patients with congenital heart disease. Coronary sinus rhythm, nodal rhythm, wandering pacemaker, atrioventricular dissociation and left atrial rhythm have been reported [6, 7, 19, 21, 22, 25, 27, 281 . These abnormal rhythms have been observed mainly in patients with complex cardiac anomalies accompanied by dextrocardia [l7, 23,271, Ievocardia with abdominal situs inversus [6, 7, 25, 261 or anomalies of the venae cavae [ l l ] . Since pacemaker tissue develops next to the junction of the superior vena cava (SVC) and the right atrium [29] , abnormal rhythms associated with congenital heart disease may be related to embryologic abnormalities in development and location of the superior vena cava.
This report describes the frequency and types of abnormal rhythms found in patients with persistent left SVC draining to the coronary sinus and the electrocardiographic features that may be helpful in diagnosis of anomalies of superior vena caval drainage.
Material and Methods
Twenty-six patients with persistent left SVC draining into the coronary sinus were studied at the University of California Medical Center a t Los Angeles from 1960 to 1967. Of the 26, 12 were males and 14 were females. Ages ranged from five days to 15 years; all had normally placcd hcarts. The rnajor cardiovascular malformations present in these patients and clinical and electrocardiographic data are tabulated in table I. All patients had congenital heart disease in addition to persistent left SVC. Anomalies were confirmed by portmortem examination of 5 patients and by operation or cardiac catheterization of 2 1 patients. The criteria of KEITH [I 71 were used to determine the atrial position; the right atrium is the chamber that receives the venae cavae and the coronary sinus, or a majority of these. All patients had normally situated atria. Cardiac malformations included 10 patients with ASD, eight with tetralogy of Fallot and five with VSD.
Thirteen lead (including V3K) electrocardiograms on all patients were studied. Tracings were obtained before operation and before administration of digitalis with the exception of patient No. 8. Electrocardiograms of this patient were available only during administration of digitalis (table I). All ECG records were examined for transient abnormal rhythms. The P waves were examined for height, duration, frontal plane axis, transverse plane axis, and configuration, particularly in leads V,, V,, V,, and V,. The P-R interval was noted with regard to age and heart rate.
The established electrocardiographic criteria [3, 161 for nodal rhythm, A-V block and A-V dissociation were followed in this study. Frontal plane P wave axis was determined bv use of the triaxial reference wave axes of normal children were between +40 and +60°. The mean frontal plane P wave axis of these groups was 38".
The transverse plane P wave axes of the electrocardiograms of these groups showed rather wide variation and were between -10 and + 90' (fig. 4 ).
Electrocardiographic data: The mean frontal plane P wave axis was 22". Nine patients showed P waves of left axis ( rhythm [36] ) As a control, the P wave was studied in five groups of patients with presumably normal caval drainage that had been studied by cardiac catheterization and angiocardiography. These groups, selected because they exhibited the most common lesions associated with abnormalities of venae cavae, included 13 patients with ostium secundum atrial septal defect (ASD), 10 with ventricular septal defect (VSD), 10 with complete A-V canal, 11 with tetralogy of Fallot and 11 normal children without heart disease. incidence of left axis of P waves (less than 15' or inverted The frontal plane P wave axes of the control groups in lead 111) in patients with persistent left SVC drainwere between +20 and 1-70 degrees, except in the ing into the coronary sinus. Two broken lines show two patients with ASD ( fig.2 ). All frontal plane P normal upper and lower limits. fig.2 ).
The transverse plane P wave axes are shown in table I and are compared with the P wave axes of the other Fig.3 . Electrocardiogram of a 10-year-old girl with groups in figure 4 . No significant differences in transsevere pulmonic valvular stenosis and persistent left verse plane P wave axes were noted between the group SVC draining into the coronary sinus. Note isorhyth-with persistent left SVC and the control group. P-R mic dissociation with interference (case 11).
intervals were within normal limits (0.22 and 0.20 seconds), except in patients Nos. 10 and 16 (table I) . There was no significant difference in average P-R intervals in patients with intermediate P wave axis, compared with those with left P wave axis. Heart rates were between 60 and 170). With the exception of patient No. 9, all patients with tachycardia of 150 or more were less than two months of age. Hemodynainic data: Mean left atrial pressures, obtained by catheterization in seven patients, ranged between + 5 and + 1 1 mm Hg. The average pressure offour patients with left frontal P wave axis was 7 mm Hg and that of three patients with normal frontal P wave axis was 8 mm Hg. The averages of the mean right atrial pressure in six patients with left frontal plane P wave axis and that in nine with normal axis were 6 mm Hg and 5 mm Hg, respectively. Congenital structural defects of the heart and great vessels have been related to specific alteration of embryogenesis [9, 40] . The possible embryonic origin of abnormal rhythms associated with congenital heart disease has not been considered. PATTEN [29] reported that the early embryonic heart appears to have two symmetrically placed pacemaking areas at the junction of the common cardinal veins with the horns of the sinus venosus. The right horn is incorporated into the dorsal wall of the right atrium during its formation, so that the sinoatrial node represents myocardium, originally a part of this sinus horn. The left pacemaking area, originally at the junction of the left common cardinal vein with the left sinus horn, may be carried down into its final location at or near the orifice of the coronary sinus [29] . Histologically, nodal tissue has been discovered repeatedly at the orifice of the coronary sinus [33, 371. This area is sometimes called the coronary sinus node [33] . Cells possessing electrochemical automaticity have been found in this location using microelectrodes [41] . Some investigators consider this area a part of the A-V node [33] . The frontal plane P wave axis in normal population has been studied by many authors [4, 10, 19, 32, 36, 431 . These studies and ours show that in the majority, the P wave axes fall between + 30 and + 75 degrees, but a left axis as great as -30 degrees has been reported [4, 36, 43] . About 10 percent of the normal population shows P wave axis between + 30 and -30 degrees [4, 11, 17, 19, 361 . In the absence of intracardiac defects or abnormal caval drainage, these subjects usually exhibit a normal sinus rhythm [19] .
An extensive survey of the literature [3, 4, 16, 17, 19, 33, 36 , 431 revealed no satisfactory scheme for classification of regular cardiac rhythm according to frontal plane P wave axis other than the descriptive terms 'normal' or 'coronary sinus rhythm' [34] . It appears that a more detailed classification of frontal P wave axis is possible and such a scheme has been used in this study.
Of the 26 patients in the present study, nine showed a P wave with left axis. A recent report by HANCOCK [ l l ] stated that a P wave with left or extreme left axis was observed in 80 percent of patients with ASD of the sinus venosus type and in 70 percent of patients with persistent left SVC associated with various congenital heart defects other that ASD. Only one of 11 patients with atrial septa1 defect in this series was of the sinus venosus type. Left or extreme left axis of the P waves has been observed also in patients with complex congenital cardiac anomalies such as polysplenia syndrome without persistent left SVC [28] , but rarely in presumably normal individuals [5, 35, 431. The left axis deviation (-29 to + 15') of P waves in this series cannot be explained by left atrial hypertrophy, since most of the patients had no hemodynamic basis for left atrial overloading. Left axis deviation of the P wave suggests, therefore, that the impulse originates at the middle or lower part of the right atrium and spreads mainly leftward rather than downward [I] , or that the impulse originates at the S-A node, but is propagated along abnormal atrial conducting pathways.
The coronary sinus node is a possible site of impulse formation [6, 421. In hearts with persistent left SVC draining into the coronary sinus, a n enlarged coronary sinus might be accompanied by functionally welldeveloped pacemaker tissue derived originally from the left sinus horn. If the impulse formation of this pacemaker is more rapid than that of the S-A node, wandering or shifting of the pacemaker and P waves, with left or extreme left axis, could result. Two of a sent the three patients with persistent left SVC and , b right SVC showed left P wave axis. Possibly, embryologic failure in development of a right SVC and S-A node leads to a persistent left SVC and a functioning node a t the coronary sinus [6] .
I t has been assumed that abnormal P waves result solely from abnormal sites of origin of atrial depolarization. Specific atrial pathways may exist [2, 15, 31, 38 ,411 and may provide linear and accelerated impulse spread [13, 411 . The abnormal P waves found in patients in this study may have resulted from abnormal atrial pathways of conduction rather than abnormal origins of activation. HOLZMANN [13] reported that a conduction block between the sinus node and the upper part of the right atrium may cause theoretically inverted P waves in leads I1 and 111 with a short P-R interval, a configuration indistinguishable from the so-called upper nodal rhythm. Histologic study is necessary to determine whether an ectopic pacemaker or abnormal atrial conduction is responsible for the abnormal P waves with left axis reported in this paper.
Geometric change of the left atrium is a possible mechanism of left axis deviation of the frontal P wave axis in persistent left SVC drainage into the coronary sinus. I n some instances, the coronary sinus is so dilated that the left atrium may be displaced upwards [8] . Such displacement of the left atrium may explain some of the left axis deviation of the frontal P wave axis observed in this series.
Isorhythmic A-V dissociation with interference, seen in one patient, is a relatively rare arrhythmia in patients with congenital heart disease. Abnormally increased rhythmicity of the nodal area [3, 14, 161 or bundle of HIS [12] has been assumed to cause this arrhythmia.
A persistent left superior vena cava may drain to the left atrium or to the left side of a single atrium, particularly with asplenia or the polysplenia syndrome [9,?4, 391 . In patients with bilateral right-sidedness or left-sidedness, associated cardiac anomalies are more complex [24, 39] , and abnormal cardiac rhythms such as coronary sinus rhythm, left atrial rhythm or wandering pacemaker are very common [28, 30] . No coronary sinus or left atrial rhythms were observed in any of the 26 patients in the present study. Therefore, these patients are different from those with asplenia or polysplenia syndrome with regard to cardiac rhythms, clinico-pathologic picture and embryology.
Summary
Abnormal rhythms may occur in patients with congenital heart disease, particularly in association with complex lesions. Electrocardiographic tracings of 26 patients with persistent left superior vena cava draining into the coronary sinuses were examined. Left axis of the P waves between + 15 and -20" was observed in nine of these patients, and isorhythmic A-V dissociation with interference was seen in one patient.
In a control group, frontal P axis was usually between +20 and + 70". Left axis of tl:e P waves in patients with congenital heart defects may suggest the presence of persistent left superior vena cava draining into the coronary sinus. A more detailed classification of the P wave axis is suggested.
